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[57] ~ ABSTRACT

Disclosed is a method of manufacturing coplanar
photocouplers comprised of a photo-conductor of

- transparent plastic material covered with a metal mir-

rors 1in which a mosaic of recesses is formed in a sheet of

~ deformable metal by deep drawing and the recesses are

then filled with plastic in a liquid form. After curing of

~ the plastic the optical elements thus formed are sepa-

rated from each other.

7' Claims, 5 Drawing Figures
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METHOD OF MANUFACI‘ URING A COPLANAR
PHOTOCOUPLER |

' The invention relates to a method of manufaeturin ga
coplanar photocoupler comprising a light emitter and a
photosensitive receiver which are coupled by an optical
element comprised of a photo-conductor in the form of
a transparent plastle materla] eovered with a metal mlr-

the light emitter and photo-receiver on the same surface
and to couple them by an optical element which consists
of a photo-conductor with a concave mirror the shape
of which is elliptical or, if desired, spherical. |

- The manufacture of such. photocouplers has disad-
vantages, especially due to the price of the optical ele-

In circuits used in Optoeleetmmcs it is known to place
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2 - .
tain operations. The separation of the optical elements is
very simple.:

Before the separatlon of the Optleal elements has been
completed, the mosaic of recesses filled with the plastic
material ‘is preferably attached to a flexible adhesive

carrter and weakened areas are provided between the
recesses, the elements are separated along the weakened

‘areas by forcing them one by one from the adhesive

carrier and they are then incorporated in the photocou-
pier. This may be carried out, for example, by local
pressure on one of the surfaces of an element and suc-

- tion on the other, especially by means of a pipette.

15

~ ment, in particular if the photo-conductor is manufac-

tured from glass having a high index of refraction. Fur-
‘thermore, the shape of known optical elements is usu-
ally complicated. | - |
The manufacture of such photocouplers 1s also diffi-
~ cult to automate. These difficulties are related in partic-
‘ular to problems in positioning the optical element rela-
tive to the semiconductor crystals from which the light
emitter and the photo receiver are made. On the other
hand, the other steps of the manufacture of photocou-
plers are carried out by suitable apparatus which re-
" quire only little manual labour. This is the case espe-
~ cially with welding of the semiconductor crystals on
- the connection lugs and also with the positioning of the
crystals carrying the transmitters relative to the crystals
carrymg the photo-receivers.

The presently known simplest optlcal elements con-

sist of a photo-conductor which is moulded from glass

having a high index of refraction or from a transparent

- plastic material and is covered with a metal layer depos-

~ ited by conventional metallization methods.

In the former case the transfer efﬁmency of the light
from the emitter to the receiver remains moderate and
~ furthermore the price of the moulded glass is consid-
- ered as restricting. In the latter case the price still re-

SR mains high when the processing of the phetocenductor

" .cannot be used in series production.
It is to be noted that the majority of the known meth-
~ ods of manufacturing photo-conductors provide a prod-

o :uct the shape accuracy of which is insufficient to ensure

a good reproducibility of the performances of one

o _photocoupler relative to another.

It is the object of the present invention to prowde a

-method of manufacturing photocouplers in which the

processing of the photo-conductors is carried out ac-

20

This method of severing and manufacturing is similar
to that which is used in semiconductor crystals so that
the method according to the invention may use already
existing apparatus.

The plastic ‘material preferably 1s a synthetlc EpOXy
resin of the cycloaliphatic series or of the bisphenol. A
series to which has initially been added in known man-
ner a “hardener”, especially an anhydride, and, possi-

bly, an “accelerator”.

The invention will now be descrlbed in greater detail,

- by way of example with reference to the accompanying -

25

drawings, in which |
FIGS. 1 to 3 show diagrammatically the optleal ele-

‘ment in various stages of its manufacture.

FIG. 4 shows dlagrammatleally how an optical ele-

ment is taken from a mosaic of optical elements.

30

- tion.

35

FIG. § is a diagrammatic sectional view of a
photocoupler having a light emitter and a photo-

‘receiver which are coupled by an optical element ob-

tained by means of the method according to the inven-

FIG.11sa cross-sectlenal view of a mould 1in which
a number of depresstons 3 are provided in hines and

~ columns to form a regular mosaic. The profile of the

‘depressions corresponds to that of the photoconductors

to be manufactured. The depressions 3 of the mould are

- obtained by deep drawing from a sheet of aluminium 2
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- cording to methods which are suitable for series pro- |

~ duction. For that purpose, the method aecordmg to the

invention is characterized in that a mosaic or pattern of 55

‘recesses is provided in a sheet of deformable metal by

- deep drawing. Each recess has the shape of the afore-

mentioned mirror and each is then filled with the plastic

- material in liquid form which cures afterwards. The

optical elements formed in this manner are separated

from each other after curing and after other operations

required to make the photocoupler are carried out.

- This method makes the manufacture of optical ele-
ments easter and reduces the number of steps because

- the mould, which determines the shape of the photo-
conductor, may afterwards be used as a reflecting mir-
ror. Every optical element thus formed is mechanically
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bonded to the adjacent elements, which facilitates cer-

having a thickness of 6 to 20 hundredths of a millimeter.
- The depressions ‘3 are filled with a polymerizable

transparent resin 4 which is allowed to solidify (FIG. 2).

For the following operations it is desirable to have the
mould 1 entirely filled. The resin 4 is chosen because it
adheres to the metal 2 of the mould 1 in a manner such
that after solidification the resin 4 and the sheet 2 of

| alumlmum form one assembly.

The resin 4 is an epoxy of the cycloahphatlc series or

- of that of the bisphenol A resins to which a hardener

and possibly an accelerator has been added. In particu-
lar, the resin may, for example, be the material identified

“in the catalogue of CIBA by the commercial name CY

179 and the anhydride hardener HY 905. Benzyl di-
methylamme may, for example, be used as an accelera-
tor.

‘The assembly formed by the aluminium sheet 2 and
the solidifed resin 4 constitutes a mosaic of photocon-
ductors 5 which are interconnected by separation
spaces 6. The flat surface 8 of assembly is adhered to a
flexible adhering disc 7. The flexible adhering disc 7
preferably is elastic polyethy]ene coated w1th a layer of
silicone glue.

Grooves 9 (FIG. 3) are then provided in the sheet 2
and in the central part of the separation spaces 6. This
operation is generally carried out by a saw which is
used for severing the semiconductor crystals. .

The grooves 9 which are divided in lines and columns
cross each other and thus limit the optical elements 5
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without, however, separatmg them totally so that con-
nectors 6a of a small thickness remain. From this instant
on the mosaic of optical elements may be treated in the
manner which is known per se for semiconductor plates
carrying transistors or integrated circuits and which is
shown in FIG. 4. According to this method, a fine tip 10

is provided on the rear face of the flexible disc 7 so as to

lift an element 3 which then detaches from the disc 7.
Simultaneously, the element 5 is attracted by the vac-
uum pick-up 11. The element 5 is then provided on a
photosensitive device. FIG. § shows the optical element
provided in a photocoupler. |

-~ A first metal conductor 21 is provided with two con-

10

nection lugs 21a and 21b of which one, 21a, which 1s in -

the form of a cavity, serves as a carrier for the crystal 22
(for example, the light emitter) and also ensures the
electric contact with a first region of the crystal, the
second region being connected to the lug 21b via the
~wire 23. A second metal conductor 24 comprises two
connection lugs 24a and 2456 of which one, 244, which is
in the form of a cavity, serves as a carrier for the crystal
25 (photo-receiver) and constitutes an electric connec-
tion with a first region of that crystal. The second re-

gion 1s in electric contact with the lug 24b via the wire
26.

‘The conductors 21 and 24 are parts of metal combs

having a plurality of such parts.

The crystals 22 and 25 are covered by the optlcal
element § which, for example, is hemispherical and
- which bears on the edges 27 and 28 of the lugs 21 and
24a. The optical element 5 is maintained by means of a

drop of transparent resin provided on the lugs before

the element is prowded In its place.
‘The photocoupler is then embedded in an opaque

- resin the outer circumference of which is shown in FIG.

5 by the broken line 29.
It will be obvious that the method accordlng to the
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type of optical element which in particular necessitates

an accurate orientation of said element on the photo-
‘coupler during the manufacture.

What is claimed is:

1. A method of making a plurallty of photocouplers
each having a light emitter, a photosensitive receiver
and an optical element comprised of a photoconductive
plastic covered with a metal mirror for coupling light
from said light emitter to said photosensitive receiver,
said method comprising the steps of providing a sheet of
deformable metal having a pattern of deep drawn reces-
ses formed therein, said recesses each having a shape
corresponding to that desired for the mirror, filling said
recesses with said plastic in liquid form, curing said
plastic so that it solidifies in and adheres to the metal

- surface of said recesses to thereby form a plurality of

20
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invention 1S not restricted to the embodiments of the

photocoupler described by way of example, but may on
the contrary very favourably be used with any other
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said elements wherein the metal surfaces of said recesses
define said mirrors, thereafter separating said elements
from each other, and attaching one of said light emitters
and one of said photosensitive receivers to each of said
elements to thereby form a plurallty of said photocou-
plers. |

2. The method according to clalm 1 1nclud1ng, prior
to said separating step, adhering a flexible support to the
solidified plastic and providing weakened areas. be-
tween adjacent ones of said elements, and wherein said
step of separating includes the step of forcing said ele-
ments one by one from said support.

3. The method according to claims 1 or 2 whereln
saild plastic is a synthetic epoXy resin contalmng a hard-
ener.

4. The method accordmg to claim 3 whereln sald
plastic includes an accelerator. -

5. The method according to claim 3 wherein said’
plastlc is a cycloaliphatic epoxy resin. |

6. The method according to claim 3 wherem said
plastic 1s a bisphenol A epoxy resin.

7. The method according to claim 1 wherein said

sheet 1s alummum
¥ 3 *x 3t _*
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